The purpose of this study was to identify the ways in which student teachers understand digestion and the digestive system and, subsequently, their ways of thinking, as reflected in their problem solving approaches and the justification schemes that they used to validate their claims. For this purpose, clinical interviews were conducted with 10 biology student teachers. According to the data, the student teachers possessed different levels of understanding that can be summarized into three categories: (1) naïve, in that their study method was unscientific and memorization-based, (2) fragmented, and (3) unsound. Their ways of thinking were congruent with their ways of understanding, and this was reflected in their explanations, which were constructed ad hoc and focused on simple linear relationships. In line with these ways of thinking, the justification schemes used by the student teachers were mainly external and empirical schemes, which are considered to be unsophisticated or lower-level. This study is the first study that attempts to reveal and classify student teachers' justification schemes in biology. Earlier studies on student learning processes have been conducted in mathematics. We discovered distinct patterns in the justification schemes used by student teachers, and these patterns were related to the nature of biology as a life science. At the end of the paper, we discuss our results and provide suggestions for teacher education and future research.
Introduction
Biology is generally perceived by students as a subject to be memorized (Çimer, 2004) . Because students think that biological knowledge is composed of facts to be memorized, they mainly employ low-level thinking skills and only learn facts. In addition, many studies have also shown that students have naïve understandings and could not think multidimensional level (Driver, Squires, Rushworth and Wood-Robinson, 1994; Grotzer and Perkins, 2000; Grotzer and Basca, 2003; Preece and Janvier, 1992; Tamir and Zohar, 1991; White, 2000; Maskiewicz, 2006; Odabaşı Çimer, 2004) . Many researchers in biology education indicate that teacher-centered, memorization-based instructional methods are to blame for these student approaches to biology (Okebukola, 1990; Lin and Hu, 2003; Çimer, 2004) . As biology instruction in schools deemphasizes conceptual understanding and stresses rote memorization and students develop alternative conceptions and since they are not provided with the opportunities to express their opinions in lessons, their alternative conceptions can not be determined or challenged (Çimer, 2004) . The topics in Biology that students mostly have alternative conceptions and experience difficulties to learn are cell metabolism, circulatory system, homeostasy, reproduction, photosynthesis and respiration, ecology, genetics and digestion system (Songer and Mintzes, 1994; Yip, 1998; Tekkaya, 2002; Prokop and Fancovicova, 2006) . Recent studies on alternative conceptions have shown that not only the students at primary and secondary schools but also student teachers of biology share these alternative conceptions and shallow conceptual understandings (Waheed & Lucas, 1992; Yip, 1998; Tekkaya et al., 2000) .
There is considerable evidence suggesting that teachers' knowledge, understanding and thinking skills are linked to student learning and achievement (Ashton, 1988; Goulding, Rowland & Barber, 2002; Hill, Rowan & Ball, 2005; Mandeville & Lui, 1997) . Thus, in order to improve student learning, understanding and thinking skills, schools of education should first equip student teachers with the necessary knowledge and skills to properly educate their own students when they start teaching. Hence, as Warburton (2008) suggested, the pre-service education training period is an ideal time to carry out interventions that promote effective teaching through challenging and redirecting student teachers' own misconceptions to achieve the desired outcomes.
This study attempted to examine student teachers' existing ways of understanding and their thought processes related to the topics of digestion and digestive system in order to inspire improvements in these areas. Ways of understanding can be defined as the products of mental acts we carry out in our minds. In other words, if we define problem solving, explaining and justifying as mental acts, then ways of understanding can be defined as the solution to a problem, the explanation that one formulates about a phenomenon, or the justification that one provides.
Ways of understanding may differ from one student to another. Students' ways of understanding can be used as a reference point to infer their ways of thinking. Students' ways of understanding in connection with a particular mental act may reflect certain features of that act. These features are labeled as ways of thinking, which can be problem solving approaches, proof (justification) schemes or beliefs about the subject (Harel, 1998) .
Therefore in this study, it was assumed that determining student teachers' existing ways of understanding and ways of thinking would enable us to identify appropriate cognitive objectives for instruction. We would then be able to build teaching efforts based on these objectives in order to help student teachers improve their ways of thinking and understanding.
In this study, Harel (1998) 's DNR-based instruction model provided a theoretically grounded way to categorize student teachers' ways of thinking and understanding concerning digestion and the digestive system. This is a topic in biology that is frequently reported poorly understood by students and judged to be difficult by many teachers (Yip, 1998; Tekkaya, 2002) .
DNR is an acronym for Duality, Necessity and Repeated Reasoning, the three foundational principles of the model. The Duality Principle of the DNR model indicates that there is a developmental interdependency between one's ways of thinking and ways of understanding (Harel, 1998 (Harel, , 2001 . In other words, ways of thinking affect ways of understanding, and vice versa. Thus, in the first phase of the DNR model, ways of thinking and ways of understanding are determined to guide instructional objectives.
Using semi-structured clinical interviews, this study applied the Duality Principle to explore student teachers' existing ways of thinking and ways of understanding digestion and the digestive system. Our objective was to use our results to develop instructional goals, which would guide curricular designs to achieve the desired outcomes in student teacher training.
The achievement of these curricular and instructional goals is related to the Necessity and Repeated Reasoning Principles of the DNR model. According to the Necessity Principle, in order for students to learn, they must experience a genuine intellectual need or internal desire to learn or solve problems. Thus, students should be presented with situations that elicit such needs. The Repeated Reasoning Principle posits that students need to practice problem solving and reasoning in order to develop specific ways of thinking and ways of understanding. This study applied the Duality Principle only; the other two principles fall outside the scope of this study. Therefore, the Duality Principle and the constructs related to this principle are examined below in greater detail.
Theoretical Framework
The DNR-based instructional model provides a theoretical framework to help students develop conceptual knowledge through problem solving. Harel (1998) developed this model in mathematics and introduced it as an instructional method for the development of students' ways of understanding and thinking in mathematics. There are three foundational concepts in the DNR model: mental acts, ways of thinking, and ways of understanding ( Figure 1 ).
Insert Figure 1 here
Harel indicates that there is a developmental interdependency between the ways of thinking and the ways of understanding (Harel, 1998; 2001) . In other words, how students come to understand a specific concept affects their ways of thinking and vice versa. Harel defines this relationship as the Duality Principle of DNR-based instruction. He indicates that reciprocity exists between learners' ways of thinking and ways of understanding, and instructional goals should be determined based on these two types of knowledge.
beliefs about biology.
This study examines student teachers' problem solving approaches and justification schemes as their ways of thinking. Beliefs are not included in this study.
Helping students develop problem solving skills is one of the top priorities of science educators. Problem solving approaches are related to a variety of mental acts, such as identifying causes and effects, inferring, explaining, reasoning, analyzing, synthesizing and evaluating, which are considered to be higher-level thinking skills. Biology instruction should help students to develop these skills (Blosser, 1988) . Determining student teachers' problem solving approaches, as they related to the mental acts of explaining and identifying causes and effects, was a major goal of this study.
Similarly, proof (justification) schemes are defined as one of the ways of thinking in mathematics to define what convinces a student or what the student offers to convince others of the truth of a claim (Harel, 1998) . In biology, Maskiewicz (2006) opted to use the term 'justification scheme' in place of proof scheme 'because of connotations associated with the words 'proof' or 'proving' in science. Nevertheless, the acts of ascertaining and persuading, identified by Harel as comprising the act of proving in mathematics, are compatible with scientists' activity as they try to justify a claim ' (2006:50) . In the present study, the term 'justification scheme' was also used in place of proof scheme, as the term 'justifying,' as opposed to 'proving,' seems to be more suitable in science to define student teachers' ways of thinking in connection with validating a claim.
Our interpretations of the justification schemes used by the students in this study were based on Harel and Sowder (1998)'s framework for classifying students' proof schemes. They provide a detailed classification of proof schemes with several sub-groups. In this study, we only consider the most basic level of the taxonomy. At this level, proof schemes fall into three categories: external, empirical, and analytical.
In external proof schemes, students appeal to external sources to convince themselves and others. Such external sources can be the word of an authority, such as a textbook, a teacher or another trusted person, the form of an argument, as opposed to its content, or symbols, with no reference to their meanings. Students who employ empirical proof schemes justify their claims using empirical evidence, such as examples, specific cases, or mental images. Finally, in analytical proof schemes, students use logical deductions to validate their claims.
In this study, the above-mentioned categories were used to interpret student teachers' actions when solving the problems presented to them during interviews.
Overall, the main goal of this study was to determine the ways of understanding and thinking that the student teachers provided during the course of interviews in order to provide a basis for establishing specific cognitive goals for instruction. Therefore, the results of this study can be used as a guide to design teaching activities that help learners to develop optimal ways of thinking and to overcome their existing ways of understanding.
In addition, no studies could be cited in the literature, which investigated student teachers' justification schemes in biology. Therefore, this is the first study that attempts to determine and classify student teachers' justification schemes in biology. In this vein, this study will enhance our knowledge of this area in the literature of the field.
We also hope that the results will provide teacher educators and education development agencies with a research basis for planning and administering professional training courses for pre-service biology teachers. This does not imply a generalization of the results; however, they can at least provide a useful starting point.
The research questions posed by the study are: 1) What are the student teachers' ways of understanding digestion and the digestive system in humans?
2) What are the student teachers' ways of thinking in relation to problem solving acts?
3) What kinds of justification schemes do the student teachers use to validate their claims?
Methodology

Participants
The sample of the study consisted of ten student teachers of biology, who were in the last year of their pre-service teacher education course at Karadeniz Technical University. Out of the 30 student teachers in the class, these ten student teachers volunteered to participate in the study.
Method and Data Collection
This study was a small-scale survey that investigated student teachers' ways of thinking and understanding concerning digestion and the digestive system. The data for the study were collected through semi-structured clinical interviews.
Semi-structured clinical interviews are considered to be an effective method for determining participants' thinking and mental processes, as it allows participants think out loud (Clement, 2000) . In addition, it allowed us to probe participants' thought processes and encourage them to consider areas that they might otherwise not have thought about or shared.
The interviews were conducted one-on-one with the student teachers, and all of the interviews were tape-recorded. The goal of the interviews was to determine the participants' ways of understanding and thinking when they were engaged in solving problems about digestion and the digestive system.
During the interviews student teachers were presented with five problem situations about digestion and digestive system, which were prepared based on the literature and through discussions with two biologists. The student teachers were asked to explain or produce a solution and were also asked to think aloud. They were probed to provide detailed explanations so that we could uncover their existing ways of understanding and ways of thinking about digestion and the digestive system. In order to reveal student teachers' justification schemes, they were also asked how they made sure that their claims were true.
Data Analysis
The data from the interviews provided qualitative data on the student teachers' ways of understanding and ways of thinking. The raw data from the tape-recorded interviews were transcribed verbatim as soon as possible and then recorded on the computer using word processing. The transcripts were read and re-read carefully several times to identify student teachers' ways of understanding and to make inferences concerning their thought processes based on their ways of understanding. The classification of the student teachers' justification schemes was made based on Harel and Sowder (1998) 's proof schemes model. The two researchers conducted this analysis separately and, afterwards, the results were compared and discussed. Consensus was reached on all items.
Throughout the report, each student teacher is identified as Student Teacher (ST), followed by a number, to protect the participants' identities.
Results
Our results and discussions are grouped into three subheadings corresponding to the following research questions: (1) What are the student teachers' ways of understanding in relation to digestion and the digestive system? (2) What are the student teachers' ways of thinking in relation to problem solving acts? and (3) What kind of justification schemes do student teachers use to validate their claims?
Student Teachers' Ways of Understanding
During the interviews, the student teachers were presented with problem solving situations in order to reveal their understandings of digestion and the digestive system. According to our analysis of the data, the student teachers' ways of understanding about the functions of the digestive organs and the process of digestion can be grouped into the following categories: (1) naïve or simplistic in terms of being unscientific and memorization-based, (2) fragmented, and (3) unsound.
All of the student teachers possessed naïve conceptualizations of the stomach. When asked in the interview 'what happens if someone's stomach has been removed?,' they reported varying responses, most of which were unscientific. Two of the student teachers thought that the stomach could regenerate itself; 'The stomach can regenerate itself… for example, if a person has two-thirds of his or her stomach removed, it will grow back to its original size' (ST 7). Another student teacher also claimed that the stomach could renew itself, citing the experience of one of her friends to justify her claim:
A friend of mine had stomach cancer. A part of her stomach had been surgically removed. She subsisted on a liquid diet for 4-5 years. However, after 4-5 years, her stomach renewed itself and grew back to its original size. But, for about 4-5 years, she was only able to consume liquid food (ST 5).
The epithelial lining of the stomach can regenerate itself, but this is not the same as partial or complete regeneration of the stomach. In addition, tissue engineering studies on the reconstruction of stomach are still ongoing (Hori et al., 2002) .
Two of the student teachers claimed that one could not live without a stomach. One said; '…what happens to a person whose stomach has been removed?… I think they place a new stomach there. One cannot live without a stomach. I think they cannot live' (ST 4).
The others also expressed naïve or inaccurate and unscientific ideas, such as the possibility of developing a stomach-like structure from the small intestine or even from the large intestine.
ST 4:
Because the stomach is linked to the small intestine, a stomach-like structure develops from the small intestine.
Researcher: O.K., what is the function of the stomach? Can the small intestine perform the same functions?
ST 4: Digestion… the small intestine performs the same function, digestion. The student teachers also seemed to be confused about the functions of the gallbladder and the liver. When asked about the function played by the gallbladder in the digestion process, most of the student teachers talked about the digestion of fats, but they seemed either unsure about their answers or they did not know the details. In addition, most indicated that bile was secreted in the gallbladder. Below is an example from the interview with ST 3;
Researcher: What is the function of the gallbladder during the digestion process?
ST 3: I think it helps in the digestion of fats. But I don't know the details.
Researcher: Where do you think bile is secreted?
ST 3: In the gallbladder. The ways in which the student teachers understood the digestion process were also problematic. Their answers showed that their understanding was unscientific, unsound and fragmented.
In many cases, the student teachers seemed to be unsure about the accuracy of their answers. In these cases, the student teachers provided answers in the form of a question, or immediately after making a claim, they asked questions seeking confirmation from the researcher. These responses were grouped together as 'unsound ways of understanding' in this study. Below is an example of this:
Researcher: What happens to a person whose gallbladder has been removed?
ST 2: It is responsible for the digestion of fats, am I right? How will they be digested? Does the liver takes over its functions?
Researcher: Why the liver?
ST 2: Because they are connected.
Researcher: How are they connected?
ST 2: Certain minerals are broken down by bile stones, aren't they? Fragmented ways of understanding were apparent in responses showing that the respondent possessed a certain degree of knowledge, but that knowledge was incomplete. Most of the student teachers indicated that mechanical digestion only takes place in the mouth. In addition, two of the student teachers claimed that the stomach was responsible for chemical digestion only. They also indicated that because the stomach was responsible for the digestion of proteins and fats, if someone's stomach had been removed, s/he could not consume food containing protein or fat.
A significant number of student teachers also revealed naïve and fragmented understandings of the enzymes aiding digestion. They all knew that enzymes performed important functions in the digestion process, but they lacked knowledge of what happened to the enzymes after they had performed their function. The student teachers frequently claimed that 'the enzymes disappear,' and two student teachers said that the enzymes were 'used up' during the reactions.
The following figure presents a summary of the student teachers' conceptualizations of these processes.
Insert Figure 2 here
Student Teachers' Ways of Thinking
Learners' ways of thinking are defined as the characteristics of their mental acts (Harel, 1998) . In this study, the student teachers were presented with situations that were intended to cause them to engage in mental acts such as explaining and identifying relationships, and they were further probed to explain and justify their answers. The ways of thinking that they were expected to possess were problem solving approaches and justification schemes. Therefore, in this section, data on the student teachers' ways of thinking are grouped into two main categories: (1) problem solving approaches (the manners in which students used such mental acts as explaining and identifying relationships) and (2) justification schemes that the student teachers used for validation.
Discussion and Conclusions
The purpose of this study was two-fold. First, we sought to identify student teachers' existing ways of thinking and ways of understanding digestion and the digestive system based on the Duality Principle of Harel's DNR-based model of instruction. Our second goal was to determine and classify the justification schemes (one category of ways of thinking) that biology student teachers used to show that their claims were true. This second goal represents a previously unexplored area of research in the field.
To achieve these aims, clinical interviews were conducted with ten student teachers of biology who were in the last year of their pre-service education. The results supported the claim that the ways of understanding demonstrated by student teachers were related to their ways of thinking. The student teachers employed different ways of understanding, which we have defined as (1) naïve, in terms of being unscientific and memorization-based, (2) fragmented, and (3) unsound. Their ways of thinking, in relation to the mental acts of explaining and identifying relationships, were congruent with their ways of understanding, and this was reflected in the explanations they provided, which were constructed ad hoc and focused on simple linear relationships. The responses that they provided to the questions were mostly based on what made sense to them at the moment and were not well thought out.
In their explanations of the problems that we presented to them, the student teachers mostly relied on memorized knowledge and could not reason or identify relationships between the concepts. They often provided correct answers to the questions, but when probed further, they could not provide an explanation because they had learned via memorization without understanding the relationships or underlying concepts. Similar observations were reported by Bhattacharyya and Bodner (2005) , who demonstrated that the graduate students in their study could produce correct responses to problems via memorization without understanding the chemical concepts behind their solutions.
Most of the student teachers' justification schemes exhibited the same limitations, as did their approaches to giving explanations and identifying relationships; most of them did not go beyond empirical schemes. They mainly justified their claims with less sophisticated or naïve justification schemes, such as external and empirical.
An important result of this study is the identification of a new category of schemes, which we have labeled 'experience-based schemes.' This type of scheme is different from those defined by Harel and Sowder (1998) in mathematics. The category of experience-based schemes became evident when the student teachers in this study appealed to daily life examples or experiences to justify their claims. We believe that this scheme is more suited to biology as a life science.
Only two of the student teachers used analytical schemes to justify their answers. However, an important point that should be emphasized here is that their analytical justifications were used to explain simple logical deductions. They also focused on simple linear relationships or direct causes, disregarding non-linear or multiple relationships. The conclusions they reached were mostly naïve or incorrect. Figure 3 below summarizes the relationship between the student teachers' ways of understanding and ways of thinking.
Insert Figure 3 here Similar results have been reported in the literature. Various studies on students' thinking skills have reported that students possessed naïve understanding and employed undesirable ways of thinking (Driver, Squires, Rushworth, and Wood-Robinson, 1994; Grotzer and Perkins, 2000; Grotzer and Basca, 2003; White, 2000 , Maskiewitcz, 2006 . Maskiewitcz (2006) , working with undergraduate students, reported that the students' ways of thinking before implementation of the DNR-based model of instruction were one-dimensional and focused on simple linear relationships. In relation to this, their ways of understanding were also naïve and unscientific. In addition, Schroeder (2007) , who researched students' ways of understanding, reported that students' conceptualizations of the digestive system were unscientific.
It seems that the source of students' information or the way in which they learn a particular subject determines how they understand it. Researchers have indicated that two important sources of students' unscientific conceptions are daily life and formal learning events (Straus, 1981; Osborne and Cosgrove, 1983; Soyibo, 1995) . In this study, the student teachers mostly mentioned external schemes, such as what teachers or parents told them, and examples from their daily environment, which we labeled as 'experience-based schemes,' to support their claims. In the end, externally based information or information gleaned from daily experiences may not accord with scientific knowledge, and these types of knowledge are not sufficient to enable students to construct a scientific conceptualization.
An important point that should be taken into account regarding the results of this study is that the student teachers with such naïve and unscientific understandings and undesirable thinking skills are in the last year of their pre-service education and will soon be teaching pupils in schools. If they do not know how to explain concepts, reason or solve problems, how can one expect them to improve such skills in their students? Thus, this study carries important implications for teacher education courses at both the pre-service and in-service levels.
The education in our schools has always been criticized for being teacher-centered and based on rote learning. Despite the reform efforts ongoing for last decade and designed to implement constructivist learning and teaching in schools, the tradition of memorization-based teaching and learning obviously still persists. This is supported by the student teachers' responses, which reflected their naïve and unsophisticated thinking process. There is a relationship between the way students are taught and the way they think (Grotzer and Basca, 2003) . Because the instruction in schools relies on simple linear relationships and does not provide opportunities for students to consider non-linear relationships, it is to be expected that students, or, in this case, the student teachers, develop this type of thinking.
Because of the pressure to perform well on external tests, such as the University Entrance Exam (OSS), test-based education in secondary schools and its effects on students' learning has always been the main topic of discussions on education in Turkey. Since the implementation of KPSS, a test that every student teacher has to pass after graduation in order to be appointed as a teacher, test-based education has also become a concern at the university level. Hence, there is always pressure at every educational level to prepare students to perform well on standardized tests. Due to these external pressures, it is difficult to help students develop their conceptual understanding and the skills of explanation and problem solving.
In order for students to develop sophisticated thinking skills, they need to understand scientific concepts and their relationships with other concepts. However, students generally believe that biology is a set of truths, and they have a tendency to rely on memorization when learning topics in biology. They need to be taught that knowing or understanding particular 'facts' is not sufficient to learn biology.
How can we teach students desirable ways of thinking? Would telling students that learning a particular biological concept was important for their lives or future careers prove sufficient to make them pay attention? Research suggests that, in order to learn and maintain any skill, students need to be provided with opportunities to practice the skill in lessons (Joyce and Showers, 1983; Frederiksen, 1984) . Research has also indicated that one-time exposure to a particular skill does not result in learning. Therefore, students should be introduced to the skill and provided with continuous guidance and immediate feedback until they achieve mastery.
Hence, students should be provided with opportunities to reason and engage in problem solving tasks to improve their ways of thinking. As students may develop many undesirable ways of thinking during the early years of schooling, such efforts should begin as early as primary school and continue throughout the schooling years.
However, teaching thinking skills alone may not be sufficient to enable them to put those skills into practice. The ability to reason, solve problems and use one's acquired knowledge in new situations is closely related to the content knowledge competency. (Mayer, 2003; Spiro et al., 2003) . Research comparing the conceptual thinking employed by novices and experts in problem solving indicates that the reason for experts' greater competence is, for the most part, due to the experts' large, well-organized domain-specific knowledge structures (Kinneat & Simmons, 1990; Hackling, 1994; Mayer, 2003; Spiro et al., 2003; Maskievitcz, 2006) . Clearly, the learner's initial knowledge structure plays an important role in his or her ability to reason and solve problems. Therefore, it seems likely that, in this study, the student teachers' inability to employ the desired thinking skills and more sophisticated justification schemes could be a result of their lack of a sound knowledge base. In this vein, it is important to review teacher education courses to ensure trainees have sufficient domain-specific knowledge at the end of their course.
This study was limited to investigating ten student teachers' ways of understanding and thinking through presenting them with problem solving situations during clinical semi-structured interviews. Thus, our conclusions are limited to the particular student teachers and problems used in this study. Future studies investigating similar constructs may find that students employ different ways of thinking and ways of understanding. If presented with different problems, participants in other studies may also be found to use analytical schemes, which were rarely used by this study's participants.
Research on learners' ways of understanding, ways of thinking and, especially, justification schemes in biology are relatively new topics. This study attempted to determine student teachers' existing ways of understanding and ways of thinking. Future studies may be designed to take these concepts further to develop optimal ways of thinking and understanding in learners through, for example, implementing the DNR-based instruction model in biology. In terms of determining and classifying learners' justification schemes in biology, this study is the first of its kind. Similar studies could be designed to confirm and enrich our results. 
